Purpose To investigate the progression of cataract after a high dose (25 mg) intravitreal triamcinolone acetonide injection in patients with macular oedema secondary to diabetes and retinal vein occlusion. Methods This prospective interventional case series study included 38 patients (76 eyes) with diabetic retinopathy or retinal vein occlusion diagnosed with clinical examination and fluorescein angiography. The patients were treated with 25 mg IVTA in their one eye with macular oedema and the fellow eyes served as a control. Patients were asked to return the next day and weekly for 1 month and monthly thereafter by 6 months postoperative. The progression of the cataract using photographic evaluation according to the Lens Opacities Classification System III was documented and statistical analysis was done using the Kaplan-Meier survival analysis and the log-rank test. Results Among the 38 treated eyes, there was an increase of cataract degree by 1 grade at the end of 6 months in 10 patients. The types of progressed cataract were PSC in seven patients, cortical in six patients, and nuclear sclerosis in one patient. Six months after the injections, there was a significantly higher rate of progression of PSC (P ¼ 0.023, log-rank test) and cortical opacities (P ¼ 0.011) in the treated group while the progression of nuclear cataract was not significantly different between the treated eye and the control eye. Conclusion A high-dose (25 mg) intravitreal triamcinolone acetonide injection induces the progression of cortical and posterior subcapsular opacity in patients with diabetic macular oedema and retinal vein occlusion.
Introduction
The successful use of intravitreal triamcinolone acetonide (IVTA) to treat various macular oedema secondary to diabetic retinopathy, branch and central retinal vein occlusion, choroidal neovascularization, and, uveitis, etc. has lead to an increase in its usage during the past few years. [1] [2] [3] [4] [5] [6] [7] However, the treatment with corticosteroids is generally associated with two common and serious ocular side effects: elevated intraocular pressure (IOP) and accelerated cataract formation. [8] [9] [10] Studies involving IVTA exhibit a diverse range in the dosage of triamcinolone being injected. The reported effects of corticosteroid crystals resulted in decreased macular oedema and consequential improvement in vision. However, the vision improving effects have been reported to be temporary. 3, 11 According to one prospective study, no significant improvement in visual acuity and no significant reduction in macular thickness could be observed 3 months after intravitreal injection of 4 mg triamcinolone. 12 This early disappearance of the effect of IVTA might be consistent with the results reported by Beer et al who calculated that measurable concentrations of triamcinolone could be expected to last no more than 3 months in nonvitrectomized eyes. 13 On the other hand, the intravitreal injection of 25 mg triamcinolone has been reported to have measurable concentration up to 6-8 months after the injection. [14] [15] [16] [17] We performed 25 mg high dose intravitreal triamcinolone injection to circumvent the need for frequent repeated injections, which may predispose the patients to the higher rate of complications associated with the treatment.
The present study is to prospectively investigate the progression of cataract associated with the use of a high dose intravitreal triamcinolone injection with objective photographic evaluation and compared with a control group of noninjected fellow eyes in patients with macular oedema secondary to diabetes and retinal vein occlusion.
Materials and methods
This prospective interventional case series study included all 38 patients (27 women, 11 men; 76 eyes) who visited the Siloam Eye Hospital's retina clinic with diabetic retinopathy or retinal branch or central vein occlusion from the beginning of March to the end May 2005. The study followed the tenets of Declaration of Helsinki. Informed consent was obtained from every patient after explanation of the nature and possible consequences of the study.
The patients were included in the study if they had (1) macular oedema associated with diabetic retinopathy and branch or central retinal vein occlusion, documented by diffuse fluorescein leakage on angiography and thickening of retina on 90D noncontact lens slit lamp biomicroscopy; (2) best-corrected visual acuity p20/80 measured with Snellen chart; and (3) phakic fellow eyes. The exclusion criteria were (1) pre-existing lens opacities obscuring fundus visualization; (2) intraocular surgery including cataract extraction; (3) prior history of elevated intraocular pressure responsive to steroid treatment; (4) history of glaucoma or ocular hypertension; and (5) presence of known conditions as uveitis, ocular trauma, prolonged use of topical or systemic corticosteroids that may contribute to cataract formation.
The IVTA injection was carried out as follows for all patients. The procedure was done under aseptic conditions in the operation room. A lid speculum was placed between the eyelids. The conjunctiva, eyelids, and eyelashes were disinfected with 10% povidone iodine. Topical 0.5% proparacaine hydrochloride drops (Alcaine s ; Alcon Laboratories, Fort Worth, TX, USA) were then placed on the ocular surface, followed by application of 4% topical lidocaine using a cotton tip pledget over the injection site. Triamcinolone acetonide (40 mg/ml; Bristol Myers Squibb Co., New York, NY, USA) was drawn into a 1 cm 3 syringe after first cleansing the top of the container with an alcohol wipe. The 1 cm 3 syringe was then tape on to the wall needle side up for approximately 3 h before injection so that the white triamcinolone crystals precipitate to the bottom of the syringe. The clear supernatant was discarded leaving only 0.1 cm 3 triamcinolone crystals. The remaining 0.05 cm 3 was injected via 30-gauge needle 4 mm from the limbus in the inferior temporal quadrant. The proper intravitreal localization of the suspension and the perfusion of the optic nerve head were then confirmed by indirect ophthalmoscopy.
Patients were asked to return the next day and weekly for 1 month and monthly thereafter for photographic evaluation of grading of lens opacification, visual acuity, fundus evaluations, and IOP exams. The slit lamp photography was taken using a digital camera (Nikon coolpix 5400) connected to a 900 Haag-Streit slit lamp biomicroscopy. Three sets of slit lamp photographs were taken for each patient. A slit lamp photograph was taken using reflected light with slit angle of 451 to document the nuclear sclerosis and two retroillumination photographs to document the cortical and posterior subcapsular opacities. The photographs were taken by one experienced ophthalmic technician.
The main outcome measurement was the degree of cataract progression, which was measured as the difference in cataract grade between baseline and the end point (6 months after the injections) of the study. Cortical, nuclear and posterior subcapsular (PSC) forms of cataract were graded separately using photographic evaluation according to Lens Opacities Classification System III (LOCS III) standard photographs by the same surgeon (YKC). 18 Noninjected phakic fellow eyes served as a control. The preoperative and the end point vision between the control and IVTA eyes were compared using independent samples t-test. The preoperative and the end point vision and IOP of the IVTA eyes were analyzed with paired t-test. The progression of the 3 forms of cataract was then evaluated among the eyes treated with intravitreal triamcinolone and the untreated fellow eyes using the Kaplan-Meier survival analysis and the log-rank test. P-values of less than 0.05 were considered significant.
Results
A total of 38 eyes of 38 patients (27 female and 11 male) received intravitreal injection of 25 mg triamcinolone acetonide. The mean age of the patients was 65.876.7 (mean7SD) years. The majority of the patients either had a history of diabetic mellitus (8 patients, 21%), hypertension (7 patients, 18%), or both (20 patients, 53%). However, there were three patients (8%) without known medical histories of either of the two. The demographic data and preoperatively diagnosed retinopathy of the patients are shown in Table 1 . Table 2 shows the visual acuity of both eyes before IVTA and at the end point (6 months) of the study. The average visual acuity was significantly higher in the control eye both at baseline and endpoint (independent samples t-test, Po0.001 at both baseline and end point).
The average visual acuity in the intravitreal triamcinolone acetonide injected eye showed minor but no significant improvement at the end of 6 months comparing with the baseline (paired t-test, P ¼ 0.41).
Among the 38 treated eyes, there was an increase of cataract degree by 1 grade at the end of 6 months in 10 patients. The types of progressed cataract were PSC in seven patients, cortical in six patients, and nuclear sclerosis in one patient (Table 3 ). Four patients had both an increase in grade of PSC and cortical opacities while six patients had showed a progression of only one type of cataract.
Of the 10 patients who developed a progression of cataract, three showed an improvement in vision while four sustained equal vision and three showed a decrease in vision at the end point (six months) of the study. Fluorescein angiographic exams of these 10 patients at the month 6 showed residual or recurred macular oedema in three patients all presenting a decrease in end point vision. Figure 1 depicts the progression-free survival curves for PSC and cortical cataracts in the eyes treated with intravitreal injection of triamcinolone acetonide. There was a significantly higher rate of progression of PSC (P ¼ 0.023, log-rank test) and cortical opacities (P ¼ 0.011) in the treated group while the progression of nuclear cataract was not significantly different between the treated eye and the control eye. The earliest cortical and PSC progression began 3 months after IVTA injection occurring in two patients. The other seven patients showed progression in the 4 and 5th month and one patient progressed in the final month.
The average IOP was 14.0172.90 mmHg at baseline and 14.0072.43, 14.0572.58 and 13.7972.34 mmHg at 1, 3 and 6 months postoperatively in the IVTA eye. The changes in IOP were not significant at any time points during follow-up period (paired t-test, P ¼ 0.73, 0.93 and 0.34 at 1, 3 and 6 months, respectively). One of the injected eyes (3%) showed IOP elevation over 21 mmHg at 3 months follow-up, that was controlled with topical antiglaucomatous medication.
Discussion
The injection of triamcinolone acetonide into the vitreous has many proven benefits of prompt resolution of macular oedema caused by various retinopathies and eventual improvement in vision. [1] [2] [3] [4] [5] [6] [7] Although the exact mechanism of intravitreal triamcinolone acetonide in the treatment of macular oedema has not been well described, the possible mechanism may include local reduction of inflammatory mediators by the downregulation of vascular growth factors such as VEGF and anti-inflammatory effects through inhibition of the arachidonic acid pathway and prostaglandin (a known mediator of vascular permeability) production. 7, [19] [20] [21] [22] Also, mechanisms of increased diffusion by the modulation of calcium channels, 23 and improvement in blood-retinal barrier function [24] [25] [26] may contribute to the healing effects of corticosteroids.
Despite the therapeutic effect for the macular oedema associated with various ocular pathologies, the intravitreal injection entails several complications and progression of the cataract is one of the most commonly reported. According to the study by Gillies et al 27 significant progression of cataract was observed in triamcinolone-treated eyes. Cataract surgery was performed in 16 (28.6%) of 56 treated eyes of patients who completed at least the 12-month study visit vs 2 Baseline vs end-point vision within a group; paired t-test. Table 3 Cataract progression by 1 or more grades over 6 months
Abbreviations: CO, cortical opacity; NS, nuclear sclerosis; PSCO, posterior subcapsular opacity.
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(5.0%) of 40 eyes receiving placebo. Helm and Holland also reported development of significant cataract in four (36.4%) of 11 phakic eyes 10 months to 4 years after treatment with triamcinolone injected into the posterior sub-Tenon space in the treatment of intermediate uveitis. 28 The rate of cataract progression has reported previously to be variable from 0 to 23%. 3, 11, [29] [30] [31] [32] The present study using a high dosage (25 mg) of IVTA injection for a follow up of 6 months has revealed similar results; out of 38 patients enrolled into the analysis, 10 patients (26.3%) eventually showed a progression of cataract. Among the three general types of cataract, not only PSC (7 eyes) but cortical opacities (6 eyes) progressed under the influence of IVTA leaving nuclear sclerosis (one eye) to be the only type not significantly affected. Regarding the visual acuities, no significant difference in visual improvement 6 months following the IVTA injections were found. Among the 10 eyes that developed cataract progression, three eyes showed decrease in vision at the end point of the study but this was more so thought to be owing to the exacerbation of the macular oedema as documented on fluorescein angiographic examination rather than the progression of the cataract. The four patients among the 10 who showed resolved macular oedema but did not show an increase of vision may be because of the increase in cataract grade. If there is an improvement of macular oedema but not an improvement in vision after IVTA injections, the development or progression of cataract may be the reason.
The rate of cataract progression was comparable to those previously reported rate after 4 mg intravitreal triamcinolone acetonide injection. The results suggest that the rate of cataract progression might not be increased by the higher dosage of triamcinolone within 6 months period. It is also consistent with the report by Lam et al 33 showing that the rate and degree of cataract progression was not different among the groups treated with different doses of intravitreal triamcinolone for diabetic macular oedema.
Some limitations are inherent in our study because of small sample size, and limited length of follow-up. Although the baseline cataract evaluations and all of the IVTA injections were carried out by a single surgeon, there may have been subjective variations in grading the degree of cataract according to Lens Opacities Classification System III (LOCS III) and in preparing the 25 mg dosage of triamcinolone acetonide owing to the small volume handled. Scheimpflug type system using densitometric analysis might have been helpful in grading the nuclear sclerosis and quantitative analysis of the cataract progression. However, the Scheimpflug camera was not available at our institute and, practically, the system has limited value in clinical application due to the complicated handling of the camera, data analysis and cost comparing with the LOCS III system. 34 Further studies in larger population group will be necessary to evaluate the long-term effects of high-dose intravitreal injection in cataract progression.
In this study, we could document the development and progression of the cataract after a high-dose IVTA using objective photographic evaluation according to LOCS III. Because the fellow eyes served as control group, we could circumvent the effect of variables within the patients that might have influenced on the progression of the cataract other than IVTA.
In conclusion, our results suggest that a high-dose (25 mg) intravitreal triamcinolone acetonide injection is associated with progression of cortical and posterior subcapsular opacity in patients with diabetic macular oedema and retinal vein occlusion and might influence on vision improving effects of IVTA.
